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INTRODUCTION 

The development and a p p l i c a t i o n  o f  chemical and spec t roscop ic  techn iques  
f o r  t h e  purpose o f  e v a l u a t i n g  t h e  a c i d i c  0-H and C-H s i t e s  i n  coa l  has r e c e i v e d  
much a t t e n t i o n  r e c e n t l y  (1-8). I n  genera l ,  t hese  s t u d i e s  have r e l i e d  on t h e  
a b i l i t y  o f  bases t o  a b s t r a c t  a c i d i c  p ro tons  f rom 0-H and C-H s i t e s  t o  generate 
coa l  anions. 
which i n c l u d e s  a l k y l  h a l i d e s  (2,5), a l k y l  t o s y l a t e s  (4 )  and a l k y l  s u l f a t e s  
(6,8). The r e s u l t a n t  coa l  d e r i v a t i v e s  can be s t u d i e d  by u s i n g  a combinat ion o f  
chemical and spec t roscop ic  probes such as s o x h l e t  e x t r a c t a b i l i t y  (2,5), p y r o l y -  
t i c  behav io r  (9 )  and 1% NMR (2,6,7,8). 

Our approach (3,6,8) f o r  c h a r a c t e r i z i n g  t h e  a c i d i c  C-H bonds i n  coa l  i s  t o  
t r e a t  0-methyl coa l  w i t h  a s e r i e s  o f  i n d i c a t o r  bases, BLi, f o l l o w e d  by me thy la -  
t i o n  w i t h  C-13.14 double l a b e l l e d  methy l  i od ide ,  equa t ion  (1). 

These anions can then  be a l k y l a t e d  w i t h  a v a r i e t y  o f  reagents 

1. BLi  

2. *CH~I 
(CH30)Coal -CSp3-H + (CH30)Coal -CSp3-*CH3 (1) 

By v a r y i n g  t h e  i d e n t i t y  o f  BLi, and thus  t h e  pKa o f  t h e  con juga te  a c i d  BH, i t  i s  
p o s s i b l e  t o  e v a l u a t e  t h e  number of C-H bonds as a f u n c t i o n  of PKa. The bases we 
have used t h u s  far, 9-phenylfluorenyllithium (PKa, 18.5 ( l o ) ) ,  f l u o r e n y l l i t h i u m  
(pKa, 22 (10 ) )  and t r i t y l l i t h i u m  (pK 31 ( l o ) ) ,  have a l l owed  us t o  e v a l u a t e  t h e  
d i s t r i b u t i o n  o f  a c i d i c  C-H s i t e s  w i t t i n  t h e  t h r e e  pKa ranges: 12 < pKa < 18.5, 
18.5 <pKa < 22, and 22 < pK < 31. 
b i tuminous coa ls ,  namely I l ? i n o i s  No. 6 hvCb and PSOC 1197 l v b ,  l e d  t o  t h e  
d i scove ry  o f  a s i g n i f i c a n t  c o n c e n t r a t i o n  o f  a c i d i c  C-H s i t e s  w i t h  18.5 < pKa 
< 22 which was i n t e r p r e t e d  as ev idence f o r  f l u o r e n e - l i k e  s t r u c t u r a l  u n i t s  i n  
coa l  (6,8). 

a c i d i c  C-H s i t e s  w i t h  pK 
33(11)) ,  t h e  p r o t o t y p i c a ?  d iary lmethane,  i s  n o t  a l k y l a t e d  t o  a s i g n i f i c a n t  
e x t e n t  upon t rea tmen t  w i t h  t r i t y l l i t h i u m  and methyl i o d i d e  (12). Fo r  these  
reasons, we have developed approaches f o r  t h e  e v a l u a t i o n  o f  a c i d i c  C-H s i t e s  
w i t h  31 < pKa < 33. 
F reepor t  mvb (APCS number 1) as t h e  coal .  

The a p p l i c a t i o n  o f  t h i s  approach t o  two 

Th is  approach t o  coal  s t r u c t u r e  a n a l y s i s  i s  l i m i t e d  t o  t h e  eva lua t i , on  o f  
Furthermore, i t  was shown t h a t  PhCH Ph (pKa, < 31. 

I n  t h i s  a r t i c l e ,  we i l l u s t r a t e  these approaches u s i n g  Upper 
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RESULTS AND DISCUSSION 

The Upper F reepor t  coa l ,  e m p i r i c a l  f o rmu la  C100H76S103, was 0-methy lated a t  
pH 12 by u s i n g  te t rabuty lammonium hyd rox ide  as base and n a t u r a l  abundance 
d ime thy l  s u l f a t e  as p r e v i o u s l y  repo r ted  (8), equa t ion  (2). 

1. B, pH 12 

Coal (OH) -> Coal (OCH?) 

6 = nBu4NOH 

P a r a l l e l  exper iments i n  which 14C-dimethyl s u l f a t e  was employed as t h e  m e t h y l a t -  
i n g  agent e s t a b l i s h e d  t h a t  no more t h a n  0.4 0-methyl groups p e r  100 coa l  carbons 
a r e  formed under these  c o n d i t i o n s .  

The f i r s t  approach t o  e v a l u a t e  t h e  C-H s i t e s  w i t h  31 < pKa < 33 r e l i e s  on a 
comparison o f  t h e  r e l a t i v e  r e a c t i v i t y  o f  t h e  0-methyl coa l  towards a l k y l a t i o n  
w i t h  base and 13914CH31, where t h e  PKa o f  t h e  con juga te  a c i d  o f  t h e  base equals  
3 1  o r  33. Th is  was done u s i n g  t r i t y l l i t h i u m  (PKa, 31 (10 ) )  and d ipheny lme thy l -  
l i t h i u m  (PKa, 33 ( 1 1 ) )  as t h e  bases. Carbon-14 combustion a n a l y s i s  (13) was 
used t o  e v a l u a t e  t h e  number o f  methy ls  i n t r o d u c e d  w i t h  t h e  two bases as a func -  
t i o n  o f  t h e  number o f  r e p e t i t i v e  t rea tmen ts  w i t h  base and methy l  i o d i d e .  The 
data,  as shown i n  Table 1, demonstrate t h e  requi rement  f o r  a minimum of t h r e e  
m u l t i p l e  t rea tmen ts  t o  ach ieve  exhaus t i ve  me thy la t i on .  Th is  r e s u l t  p a r a l l e l s  
o u r  e a r l i e r  obse rva t i ons  on t h e  C - a l k y l a t i o n  o f  0-methyl I l l i n o i s  No. 6 ( 3 )  and 
0-methyl PSOC 1197 (6,8). Th i s  chemical p r o p e r t y  can be i n t e r p r e t e d  as ev idence 
f o r  t h e  m e t h y l a t i o n  o f  s t r u c t u r a l  u n i t s  which c o n t a i n  m u l t i p l e  a c i d i c  C-H bonds 
such as t h e  methylene group, -CH2-. The c a l c u l a t i o n  o f  t h e  number o f  a c i d i c  C-H 
bonds w i t h  31 < PKa < 33 i s  done by making t h e  d i f f e r e n c e :  number o f  me thy l s  
added wi th d i p h e n y l m e t h y l l i t h i u m  minus number o f  methy ls  added w i t h  t r i p h e -  
n y l m e t h y l l i t h i u m .  Fo r  0-methyl Upper F reepor t ,  t h i s  c a l c u l a t i o n  y i e l d s  0.5 f 

0.2/100 coa l  C when t h e  f i r s t  t rea tmen t  va lues a r e  used and 1.1 * 0.3/100 coa l  C 
a f t e r  t h r e e  t rea tmen ts .  

3 1  < PKa < 33. T h i s  i n v o l v e s  t h e  exhaust ive m e t h y l a t i o n  o f  a l l  a c i d i c  C-H s i t e s  
w i th  PKa < 31 f o l l o w e d  by m e t h y l a t i o n  u s i n g  d i p h e n y l m e t h y l l i t h i u m  and 13914CH31. 
A l k y l a t i o n  of t h e  a c i d i c  s i t e s  w i t h  PKa < 31 was accomplished by t r e a t i n g  
0-methyl Upper F reepor t  w i t h  t r i t y l l i t h i u m  and n a t u r a l  abundance methy l  i o d i d e  a 
t o t a l  o f  s i x  r e p e t i t i v e  t rea tmen ts .  Subsequent m e t h y l a t i o n  of t h i s  coa l  d e r i v a -  
t i v e  w i t h  d i p h e n y l m e t h y l l i t h i u m  and 13914CH31 f o l l o w e d  by 14C combustion ana ly -  
s i s  y i e l d e d  a va lue o f  0.9 C-H s i t e s / 1 0 0  coal  C (1 t rea tmen t  on l y ) .  F u r t h e r  
work i s  i n  p rog ress  t o  determine whether t h i s  va lue i nc reases  as a r e s u l t  o f  
m u l t i p l e  t rea tmen ts .  

These p r e l i m i n a r y  d a t a  f rom t h e  two complementary approaches i n d i c a t e  t h a t  
d i a r y l m e t h y l e n e  u n i t s ,  ArCHzAr, and s u b s t i t u t e d  analogs such as ArC(H)RAr which 
have C-H s i t e s  w i t h  31 < pKa c 33 are impor tan t  s t r u c t u r a l  e n t i t i e s  i n  t h e  Upper 
F r e e p o r t  coa l .  

A second approach was a l s o  used t o  e v a l u a t e  t h e  number of C-H s i t e s  w i t h  

Cons ide r ing  o n l y  t h e  f i r s t  t rea tmen t  da ta  f rom each approach 

1 4 2  



where m u l t i p l e  a l k y l a t i o n  a t  -CH2- groups i s  assumed t o  be n e g l i g i b l e ,  t hen  t h e  
number o f  these s t r u c t u r a l  t ypes  can be es t ima ted  as 0.5 - 0.9 p e r  100 coa l  c a r -  
bons. 
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Table 1. C-Methy la t i on  o f  0-Methyl Upper F reepor t  by u s i n g  BLi  and 
13*14CH31 i n  THF a t  O°C 

Base, BL i  
(PKa. BH) 8 Treatment No. No. 14CH3/100 Coal C 

1 0.61 f 0.06 

t r i  t y l  li t h i u m  

(31) 

2 

3 

0.90 f 0.09 

1.1 f 0.1 

1 1.1 * 0.1 

d i  phenylmethy l  li t h i u m  2 

(33) 3 

1.8 2 0.2 

2.2 f 0.2 
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